Objective: To conduct the first national biological and behavioral surveillance survey for HIV among MSM in Brazil.
Introduction
Since the beginning of the AIDS epidemic in the early 1980s, MSM have been disproportionately affected by the HIV [1] . The risk of infection remains high among MSM worldwide [2] [3] [4] [5] [6] . In Brazil, the HIV infection rates are substantially higher among MSM, drug users and female sex workers (FSW) [7, 8] . Beginning in the 1990s, there was an increase of cases among heterosexual men. However, MSM still account for 29.2% of all AIDS cases reported in Brazil and about 40.0% of the cases among men 15-24 [9] . MSM in Brazil have an AIDS prevalence rate estimated 13 times higher than heterosexual men [10] .
Lack of knowledge of HIV serostatus and perception of low risk may be reasons why MSM continue to engage in high-risk sex [11] [12] [13] , including in Brazil [14] . A study of more than 5000 MSM in six US cities found that 77% did not know their serostatus; among African-Americans this percentage was 91% [15] . Among 6672 men of unknown serostatus approached for testing in the United States, MSM were 10 times more likely than non-MSM to have undiagnosed HIV infection [16] .
This article presents the results of the first national study of HIV prevalence among MSM conducted in Brazil and is intended to serve as a baseline for monitoring the prevalence of HIV infection, knowledge and attitudes toward HIVand AIDS, and sexual practices among MSM.
Methodology
We conducted a cross-sectional study in 10 cities in Brazil in 2009. The cities were selected by the department of STD, HIV/AIDS and Viral Hepatitis (DN) of the Brazilian Ministry of Health. The cities were Manaus, Recife, Salvador, Campo Grande, Brasilia, Curitiba, Itajaí, Santos, Belo Horizonte, and Rio de Janeiro (Fig. 1 ). The study was approved by the National Ethic Research Committee (CONEP # 14494).
Study population
Men were eligible if they were 18 years old or older, residents of the selected cities and had not previously participated in this study, had sex with a man or a transgendered person in the last 12 months, presented a valid coupon, did not identify as transgender, accepted conditions for the study, signed the consent form, and were not obviously under the influence of any drug. MSM who identified as transgendered are recognized as a distinctly different population in Brazil [17] .
We calculated a sample size of approximately 350 per city (a ¼ 0.95; power ¼ 0.90; estimated prevalence 13.6% [18] ) to provide independent estimates for each city. Participants were recruited through respondent-driven sampling (RDS) [19, 20] . RDS is a chain link sampling method that begins with a convenience sample of members of the target population called 'seeds'. Seeds recruit a prespecified number of recruits. These respondents recruit new participants. Assuming a stochastic Markov chain model, this method produces recruitment chains that, when long enough, are no longer dependent on the purposively selected seeds. The personal social network size of respondents is used to assign weight to correct for the influence of network size and differential recruitment. RDS is widely used as an HIV surveillance-sampling method [21] and has been recommended by the Centers for Disease Control and Prevention [22] and by DN [23] for hidden, hard-toreach, and HIV high-risk populations.
This study was initiated with about six diverse seeds in each municipality. Each respondent received three coupons. This process was repeated until the study reached the desired sample size. Participants received a primary incentive of R$ (Brazilian Real) 15.00 ( US$ 10.00) and an incentive of R$ (Brazilian Real) 10.00 ( US$ 6.67) for each of their recruits who completed the survey. Anyone who visited the study site was offered educational materials and condoms.
Formative research
We carried out formative research to explore interest in participation, level and kind of incentives, potential seeds, health education materials, study site and logistics, and coupon design. We conducted semi-structured and in-depth interviews as well as focus group discussions. Although formative research suggested that the study sites should not be sited in health services, Brazilian law required test be conducted only in health services.
Data collection
Data on socioeconomic and demographic characteristics; HIV and Syphilis testing; sexual orientation and sexual identity; social network characteristics and size; sexual behavior; alcohol, illicit drugs and mental health; discrimination and violence; social integration and participation; sources of information about sexually transmitted infections (STI) and condom access; healthcare and history of STI; and knowledge about HIV and other STIs were collected through face-to-face interviews. We used Brazilian criteria [24] to classify individuals into five economic classes: A, the highest, to E, the lowest.
Participants' personal social network sizes were measured by a cascade of questions that arrived at a number of MSM who were 18 or older, with whom they were familiar, met or talked to in the two previous months, and who they might invite to participate in this study.
All participants were offered a voluntary rapid test for HIV, and HIV infection was determined by using a finger stick rapid test kit. The study followed the national algorithm for rapid testing [25] : first the Rapid Check HIV-1 and 2 and Bio-Manguinhos HIV-1 and 2 were administered at the same time, followed by a third test, in case the previous two tests were discrepant. All participants who were tested also received pretest and posttest HIV counseling. Participants diagnosed with HIV infection were counseled. The unified health system in Brazil constitutionally guarantees free healthcare to all citizens. The National Program identified Reference Centers for HIV/AIDS in each site and each patient was referred to that Center, carrying a document from the study to assure rapid enrollment.
Analysis
Data from each city were first analyzed separately. RDS collected data requires analysis with RDS Analysis Tool (RDSAT), we used RDSAT 5.6. However, RDSAT treats missing values differently than many programs. RDSAT treats a missing value as the end of a chain, and the next person recruited by the individual with the missing value as a seed. Seeds are not considered part of the sample, and their values are ignored. This reduces sample size by two for each missing value.
In this study, the percentage of individuals who refused to test in the survey ranged from 2.3% in Campo Grande, to 50.3% in Itajaí. Thus, we decided to impute the missing values of the HIV test [26] . For those who self-reported seropositive, but who did not test in the study, we imputed a positive value. This procedure was based on the results of the study of self-reported reliability of HIV test among MSM population that showed 100% sensitivity and zero false positives for positive self-report [27] .
Later, in addition to 'self-reported imputation', we used a nonweighted logistic regression to infer the most likely result for the HIV test for those whose characteristics were found to be highly associated with a given test result as in Lane et al. [28] . The independent variables (socioeconomic characteristics, sexual behavior, safe sex, drugs and alcohol use, violence and homophobia) for those included in the initial model were selected from those who tested for HIV and showed a significant association with the HIV positive/HIV negative result (<P ¼ 0.10 Fisher's exact test). Nontesting participants with similar socioeconomic and behavioral values were assigned an HIV status according to the likelihood of being positive or negative.
With two ways to treat missing values in RDSAT, we used four methods to estimate the prevalence of HIV using RDSAT 5.6. First, we estimated the prevalence after setting missing values for the HIV test to a third integer, not the missing value code in RDSAT (HIV positive ¼ '1'; HIV negative ¼ '2'; Did not test ¼ '3'). Second, HIV prevalence was calculated using the conventional RDSAT method (missing value ¼ '9999'). Third, we estimated HIV prevalence using 'self-reported imputation' for missing values for the HIV test. Finally, HIV prevalence was calculated using a combination of 'self-reported imputation' and logistic regression.
The next step was to calculate an overall prevalence for the country using data from all 10 cities. First, we calculated a new individual weight using a variation of the method applied previously for RDS for FSW in Brazil [29] . The weight was defined by the following:
'D ij ' is the weight for participant 'i' generated by RDSAT when we estimated the HIV prevalence for city 'j' using the fourth method described above; 'm j ' is the proportion of MSM of the total men for city 'j' between 18 [31] ; and 'n' is the total size of the MSM sample for the 10 cities (n ¼ 3859). We then aggregated all the 10 datasets to create one single dataset weighted for each participant (W ij ). The 10-city dataset was then analyzed using the module for a complex sample wherein each city was treated as a stratum. This analysis was performed in STATA11.0 (Stata Corporation, College Station, Texas, USA).
Results
A total of 3859 MSM were interviewed in the 10 cities. Most participants were between 18 and 39 years old and identified themselves as mulatto or black (except in the cities located in the southeast and south). Belo Horizonte stood out with a high percentage of MSM (38.5%), with a high level of education (completed high school and above), whereas Manaus (2.0%), Brasilia (4.2%), Santos (5.0%), and Rio de Janeiro (5.1%) had a small percentage of participants with advanced schooling. Classes A/B (higher), had a low percentage in Rio de Janeiro (8.8%) and Santos (8.9%) and highest percentage in Belo Horizonte (60.1%). The highest percentage of participants belonging to classes D/E were found in Santos (56.8%), Rio de Janeiro (55.5%), Curitiba (45.1%), and Brasília (38.9%). In all municipalities, the majority was single, with around 10% married or living with a partner. Most respondents lived with their parents or friends/ relatives, but cities such as Santos (47.1%) and Curitiba (43.5%) showed a higher proportion of participants living alone (Table 1) . Of the total sample, 475 refused to test. HIV prevalence varied widely among the studied cities. When we included those who self-reported being HIV-infected, the estimated prevalence tended to increase. Furthermore, prevalence increased in most cities after the logistic regression imputation and ranged from 5.2% (95% CI 2.7-8.2% in Recife) to 23.7% (95% CI 16.6-31.5% in Brasília) ( Table 3 ). We did not impute values in Itajaí with logistic regression because so many respondents neither tested in the study nor reported their HIV status from previous tests. The overall prevalence of HIV in the total sample ranged from 11.1% (95% CI 9.1-13.6%) to 14.2% (95% CI 12.1-16.6%) depending on whether the imputation was through self-report or logistic regression (Table 4 ). Of those found to be HIV-positive testing in the study, 49.6% were not aware they were positive.
Discussion
This is the first nation-wide sample of MSM for HIV biological and behavioral surveillance conducted in Brazil. The overall prevalence for MSM is three times higher than that estimated for FSW in Brazil [7] and over twice the 5.9% estimated for drug users [8] . Prevalence was heterogeneous, varying significantly among the studied cities. This study reinforces the finding that the AIDS epidemic in Brazil is disproportionately concentrated among MSM, as has been found in other countries [2, 6, [32] [33] [34] [35] [36] .
The epidemic in this population demonstrated substantial diversity by city in indicators other than seroprevalence. The city samples differed in level of education and socioeconomic class. This finding has at least two plausible explanations. First, Brazil is not homogeneous with respect to development and infrastructure and that heterogeneity is reflected in these indicators. This was also an aim of the study to recruit participants from across the socioeconomic spectrum. Prevention and outcome indicators in many populations such as vertical transmission, condom use, late enrollment in therapy, survival and mortality do differ by region [37] [38] [39] . A second explanation may be associated with RDS. This method does not sample a population directly, but via a connected social network. Each network selected in the 10 cities may sample different sectors of the population category MSM. Not only RDS, but other methods for recruiting hard to reach populations may also generate diverse samples. Studies in the United States and Brazil have shown that different sampling methods may generate samples that appear to differ systematically [40, 41] . Imputation of missing values increased HIV seroprevalence, meaning that men at high risk of transmission are refusing to test in surveillance activities. This has important implications for surveillance.
Whatever the implications for generating a reliable and valid single prevalence figure for Brazil as a whole, the study here demonstrated real issues for prevention. MSM had multiple and diverse partners. They used condoms more frequently with their casual partners but consistent use with all partners, including casual and commercial, was low. Knowledge of serostatus is even more important for early treatment and prevention of transmission to partners. The benefits of HAART for the individual and the community are both higher if initiated early which may be a potential outcome of surveillance. Although it is gratifying that a majority of participants agreed to test in this study, it is alarming how few MSM had tested previously and that half of the men who tested positive in our study did not know they were infected.
In spite of an increase in reported ever testing from 20.2 to 33.6% in Brazil, we believe there are persistent barriers to testing. For example, men with low education and living in areas of lower socioeconomic development test less [42] . An important finding of this study is that almost one half of the sample had never had an HIV test, and many reported that their chance of being infected was [39] . These findings argue for more MSM friendly testing sites, such as nongovernmental organizations (NGOs), more support for campaigns to address stigma and discrimination, and to test, as well as a broad array of testing options perhaps including self-testing, and internet assisted testing.
Late diagnosis contributes to incidence and risk of death from AIDS, especially in the first year of treatment, and adds to health system costs and reduction in the effectiveness of antiretrovirals [43] [44] [45] . A recently completed study of cases of AIDS in individuals 15 years of age and older showed that 97.5% of deaths were among those who first presented at the clinic with advanced AIDS. The risk of death in the first 12 months of treatment associated with late diagnosis was 49.5% (45.1-54.2) higher than those diagnosed earlier in the course of their infection (350 cells/ml or above). It is estimated that 39.5% of registered deaths from AIDS between 2003 and 2006 could have been avoided [39] .
Limitations
Among the principal limitations of the study that need to be considered are claims that RDS generates a probabilistic sample. Interpretation of RDS data remains controversial, but it does improve on snowball sampling through generating longer chains, and can be operationally systematic and rigorous. Wherein venue-based sampling is impossible or inappropriate, RDS may be the only available method. Here, when used to generate a national-level sample, a further limitation is that 10 independent samples are drawn. Aggregating the independent networks to generate a single sample violates an assumption of RDS that a sample forms one complete network component [20] . A related limitation is that the 10 cities selected may not represent MSM in Brazil.
In Brazil, at the time of the study, the government required that all HIV testing take place in government clinics. Although MSM in most sites felt comfortable using these clinics, in Santos and Itajaí, more conservative cities with substantial homophobia, MSM were not comfortable using the health clinics. In Santos, following feedback from MSM, we changed the original site and worked extensively with clinic staff addressing MSM concerns. Still, this resulted in only 50% of the sample agreeing to be tested. In Itajaí a new private site needed to be identified. a heightened focus on MSM in all aspects of the Brazilian national response to AIDS: continued focus on MSMtargeted education and promotion of safer sex; continued support for MSM friendly services and community building, especially with HIV/AIDS and MSM focused NGOs addressing homophobia and discrimination; and increased promotion of testing and enhanced surveillance involving testing. This enhanced response also has to be sensitive to regional differences and therefore direct resources to the poorest and least developed areas of the country. Although stabilizing incidence rates in some developed countries, the success of current treatment, and the promise of prophylactic therapy appears to have prompted an effort to 'normalize' the prevention and treatment of HIV, a very real emergency exists among MSM in Brazil. methodology in Brazil. We thank the Joint United Nations Programme on HIV/AIDS (UNAIDS) for providing additional finding for Manaus. We also thank Dr Lisa Johnston for her contribution reviewing the paper and Sônia Batista in memoriam for coordinatingthe site in Rio de Janeiro. We are especially grateful to all the respondents who participated in the study. 
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